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In  milo  production,  the  alternatives  of  continuously  crop- 
ping the  land  versus  rotation  with  summer  fallow  present  an 
economic  proble.ru  This  problem  is  of  particular  significance 
to  farmers  producing  milo  in  approximately/  the  Western  half  of 
Kansas.  Summer  fallowing  is  not  generally  recommended  in  the 
Eastern  half  of  the  State.   Farmers  in  Western  Kansas  must  de- 
cide what  portion  of  theLr  milo  acreage  should  be  fallowed. 

Fallowing  Increases  the  accumulation  of  soil  moisture  and 
helps  control  weeds.   If  weeds  are  not  closely  controlled 
through  the  time  period  that  the  land  is  being  fallowed,  the 
possibility  of  Increasing  soil  moisture  is  largely  lost.   The 
additional  soil  moisture  which  is  available  as  a  result  of  pro- 
per fallowing  will  benefit  the  crop  grown  on  the  land  the  follow- 
ing season.  In  Western  Kansas,  lack  of  available  soil  moisture 
at  the  time  it  Is  needed  is  well  known  to  be  the  major  limiting 
factor  in  all  grain  production.  A  good  stand  of  sorghums  will 
remove  more  moisture  from  the  soil  during  the  growing  period 
than  is  supplied  by  a  normal  rainfall  during  that  period.2  In 
this  area,  where  inadequate  precipitation  presents  a  problem, 
fallowing  increases  yields. 

both  the  level  and  variability  of  returns  were  studied. 


.1.  Throckmorton  and  H.  K.  Myers,  Summer  Fallow  in  Kan- 
sas ,  Kansas  State  College  Agricultural  Lxperiment  Station  Bui. 
293  (Manhattan,  1941),  p.  23. 

2Ibld.,  p.  ia. 


The  variables  affecting  the  level  of  returns  were  telle ved  to  be 
costs,  mllo  prices,  and  milo  yields.  The  influence  of  each  vari- 
able was  examined. 

This  study  is  restricted  to  a  consideration  of  a  best  method 
over  tine.   It  covers  only  statics,  in  contrast  to  a  study  of 
flexible  farming,  where  the  practices  sight  be  changed  from  year 
to  year  in  response  to  the  present  and  anticipated  soil  moisture 
and  price  situations  at  seeding  time.  That  would  be  a  study  In 
itself,  but  would  have  to  be  preceded  by  the  information  report- 
ed in  a  study  similar  to  this. 

The  results  of  this  study  apply  particularly  to  Finney, 
Thomas,  and  Ellis  counties  where  yield  data  were  available  from 
controlled  experiments.  This  study  was  centered  around  a  con- 
sideration of  the  mllo  after  fallow  and  continuous  milo  alterna- 
tives.  This  study  represents  the  results  obtained  from  a  con- 
sideration of  a  practical  problem  of  milo  producers  of  the  area. 
The  yield  data  available  from  controlled  experiments  were  used 
in  the  model  described  below,  with  the  aid  of  the  budget  method. 
Thus,  economic  tools  were  applied  to  the  problem  to  obtain  a 
solution  of  the  optimum  systen  for  each  area. 

THE  ASSUMPTIONS 

Several  assumptions  are  necessary.   It  was  assumed  that 
iers  in  this  area  were  making  a  choice  between  growing  milo 
after  mllo  continuously  or  growing  milo  in  alternate  years 
Interspaced  with  fallow.  Wheat  and  forage  sorghums  are  the 
only  other  crops  of  Importance  In  the  counties  studied.  A 


rotation  of  wheat  and  milo  or  of  wheat  and  milo  Interspaced 
with  fallow  presents  special  technical  problem*  callow  inter- 
spaced between  forage  s^     .  and  forage  sorghua  would  probably 
show  about  the  same  result  as  fallow  interspaced  between  milo 

owever,  this  study  was  narrowed  to  the  rotation  of 
fallow  interspaced  between  milo  and  alio. 

A  second  assumption  was  that  milo  was  used  for  grain  pro- 
duction only,  Milo  fort  ,e  La  lose times  utilized  as  pasture  by 
cattle  or  sheep  after  the  grain  crop  has  been  harvested,  or  in 
the  event  of  a  grain  crop  failure.   In  seasons  when  wheat  pas- 
ture ts  plentifully  available,  little  use  will  be  made  of  milo 
forage  for  pasture  purposes.  There  was  a  lack  of  information 
on  the  carrying  capacity  of  milo  stover  for  the  two  cases,  milo 
after  milo  in  comparison  with  milo  after  fallow.   Therefore, 
the  value  of  milo  pasture  was  not  included  in  the  comparisons. 

The  problem  of  erosion,  both  by  water  and  wind,  was  assumed 
to  be  equal  for  both  milo  after  fallow  and  continuous  milo. 
There  is  a  possibility  that  the  use  of  fallow  may  increase  ero- 
sion, particularly  by  wind,  because  of  the  fact  that  the  land 
has  no  growls  cruj  en  it  for  an  extended  length  of  time.   If 
additional  wind  erosion  as  a  result  of  including  fallow  in  the 
rotation  is  a  problem,  it  will  probably  tend  to  be  most  severe 
during  the  winter  and  early  spring  following  the  fallow  season. 
The  problem  of  erosion  was  not  investigated  in  this  study.   How- 
ever, the  problem  of  wind  erosion  should  not  normally  become 
particularly  severe  if  recommended  soil  management  practices  are 
followed. 


Land  was   considered  a  f!  ost  and  labor,    seed,   and 

machinery  costs  were   considered  variable   costs.      It  was  assumed 
it  continuous  milo  and   milo  after  fallow  have    the   same   effect 
on  soil  fertility.      Throckmorton  and   'Iyer  a    tend   to  validate 
this  assumption  In  the   statement,    "It  has   been  contended  by 
o    that   fallowing   is   more   destructive    of   soil  fertility   than 

Is   continuous   wheat,   but  experimental  results  do  riot  substan- 

«1 
tiate   this   co  'o;. 

The  technology  assumed  was  that  which  was  determined  to 

be  most  nearly  typical,  and  consistent  with  recommended  soil 

management  practices,  of  the  technologies  e  .ployed  in  each  of 

the  three  counties  in  1954.  Costs  were  adjusted  for  the  time 

period  covered  by  the  study  through  the  use  of  indexes.  The 

indexes  were  used  to  adjust  1947  costs  to  clve  costs  for  other 

years.  This  use  of  Indexes  implies  that  technology  was  constant 

throughout  the  period  of  study.  There  was  a  change  during  this 

period.  However,  a  change  la  technology  during  the  period 

would  affect  the  results  of  this  study  only  if  the  changes  in 

technology  affected  the  costs  and  yields  of  the  two  rotations 

differently.   There  is  nothing  to  indicate  that  technological 

changes  would  affect  the  results  of  the  two  rotations  in  a 

different  manner. 


.  I.  Throck.iorton  and  li.  K*  Myers,  op_.  cit. ,  p.  30. 


IS 
The  Model 

To  analyze    the   problem  of  which  method   of  producing   nilo 
was   superior,    It  was    necessary  to  set   up  a  relationship  that 
would  reflect   quantitatively   the    influence    of  each  of   the   rele- 
vant variables,    costs,    nilo  prices,   and  yields.      The  relation- 
ship that  was    chosen  was   the  equality,    cost-d Lf fere nee   between 
the  methods  =   the   value    of  the  yield-difference.      It  was   assum- 
ed  that  f  ar  ners   attempt   to  maximize   the   returns   to  their  fixed 
investment. 

This  relationship  wa3   derived  as  follows:     for  a  firm, 
total  costs   are  defined   as  be '  qual  to  total  receipts. 

Further,    it    could  be   argued  that  within  the   firm,    total   costs = 
total  receipts   among  the   various  methods    of   producing  a     ;iven 
product;   this  relationship  is   necessary  for  a  producer  to  be 
indifferent  among  alternative   methods.     For   continuous  milo, 
the  relation  is   given  by  equation    (1)   and  for  milo  after  fallow 
the  relation  is  given  by  equation   (2). 

(1)  total  variable   costs   for   continuous    nilo  -+.  total  fixed 
costs   for   contlnuo  lo  ••  total  receipts   from  con- 
tinuous  .alio 

(2)  total  variable  costs  for  milo  after  fallow  +  total 
fixed  costs  for  milo  after  fallow  =  total  receipts 
from  milo  after  fallow 

(3)  total  variable  costs  for  continuous  milo  (1)  minus 
total  variable    costs  for   milo  after   fallow    (2)  =t  total 
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receipts   from  c  Llo    (1)  vinos    total  receipts 

from  milo  after  fallow   (2) 
The   fixed    costs   of  production,  which   include  a   return  to  land, 
to  »nt,   and  for   "risk"  bearing,   are  equal  for   the   two 

I     ol    production.      Therefore,   subtracting    (2)   from    (1) 
gives    the   total  variable    costs   of  producing   continuous   milo 
minus   the   total   variable   cost   of  producing  milo  after   fallow  » 
the  Aii  .ce   in  receipts  between  the   methods.      .Then  the  dif- 

ference   in  cost   is  equal   to  the  difference    in  returns,    a  producer 
will  be    indifferent  between  the  two  methods;   if   the  difference 
in  cost   is   greater    (less)    than  the   difference    in  returns,   the 
Ice    is   fallow    (continuous   n.llo). 

The  acre  ider  a  continuous  tnlle  s.  I  is  double   the 

acreage   under   a  fallow  system.      Therefore,    the   cost   of   produc- 
ing continuous   milo   is  double    the   variable   cost   of  produci 
one    crop  plus    the   cost   of   using  a   |  quantity  of   land  and 

ma.  »nt   two  years.      The   cost   of   producing  fallow  is   the   sum 

of   the   variable   cost   of  production  plus   the   cost   of  us 

quantity  of   land  and  snt  two  years.     The   land  area 

is   equal,    the   cost    of   us  in      It   is    likewise   equal,   and   tnese 
costs   cancel,   as    stated  above.      It   is   assumed   that  a   quantity 
of  management  sufficient   to  produce  milo  by  either   method   is 
available.     The  difference   in  cost,    then,    is   the  difference    in 
variable    costs    of   producing  an  acre    of   milo  two  times   by  con- 
tinuous  milo  methods  minus    the    cost   of  producing  an  acre   of 
milo  after  fallow.      Thi3  difference  will  be   called   the   cost- 
difference. 


The  yields  from  continuous  milo  are  also  doubled  because 
two  years    of   crops   can  be   grown  on  a  Given  land  area   by  this 
method  while    one   crop   i3  being  grown  after   fallow.     The  differ- 
ence between  the   total  yields  from  two  crops   of  continuous 
milo  and  from  ailo  after   Tall  .cs  what   is  called   the  yield- 

difference.      The   product   of    the   yield-difference   and    the   price 
of  milo  gives    the   value    of   the  yield-difference. 

This  relationship  nay   be   stated   symbolically  2CC-Cj.    = 
(2YC-Yf).      Cc  represents   the    cost   of   producing  an  acre    of  milo 
under  a  continuous   milo  method   of  production.      Cf  represents 
the   cost   of   producing  an  acre    of    Tillo  after   fallow,    including 
the   cost   of   fallow.      The   price    of  milo   is   represented  by 
Yc  represents    the  yield    of    continuous   t.IIo  and  Yf   the   yield    of 
milo  after  fallow.     Cost-difference  refers   to  the  cost   of  two 
years    of   continuous   .nilo    (2CC)   minus   the  cost   cf    one   year    of 
milo  plus    the   cost   of  fall  (Cf)«      The    cost-difference    then 

is  that   portion  of   the   equation  given  as   8Ca<*Cf«      In  producing 
2MC    (Mc  =    one   crop   of   continuous   milo)   that  sequence    of  a- 

tlons   used   in  production  of  milo  after  milo  will  be   performed 
two   times.      In  produci  (alio  after   fallow)   a   differ. 

sequence    of   operations   will  be   performed,   and    the   operations 
will  be  directed  both  toward  fallowing,   which  involves   tillage 
operations   to  keep  the    land  free   of  weeds,   and  directly  toward 
the   production   of  milo. 

Yield-difference   refers    to   the   difference    In  tot  Id 

per  acre  between  two  years    of  continuous  milo    (2YC)   and   one 
year   of  milo  after  fallow    (Tf)«     The   yield -difference    then  is 
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that  portion  of  the  equation  given  as   2YC-Yf » 

Once  any  two  of  the  variables  are   known,   the  value  for   the 
third  that  would   leave  a   producer   indifferent  to  the  alterna- 
tives  can  be  determined.      If  the  values   of  all  three  variables 
are  known,   it  will  be   possible   to  tell  whether  fallow  is  supe- 
rior  to  continuous   ;nilo,   continuous  mllo   is   superior   to  fallow, 
or  fallow  and  continuous  mllo  return  equal  profits. 

It  Is  known  that  the   ilgn  of  jp^   is  always   positive   in  the 
real  world.      It   Is   shown  subsequently  that   the   cost-difference 
is   nearly  always   positive.     The   only   instances   in  which  the 
cost-difference   Is   not   positive   are    in   the   cases    in  which  the 
milo  after  fallow  crop  for  a   given  year   in  a  given  county  was 
considered  to  have  been  harvested  and  the   continuous  mllo  crop 
for   the  same  year  and  sane  county  was   not  considered   to  have 
been  harvested  because   of  an  extremely  low  or  no  yield.     The 
result  in  this   situation,   so  far  as   cost-differences   are  con- 
cerned,  is  a   negative  cost-difference.     The   number   of  instances 
in  which  this  situation  occurred  is   quite   low;   it  was  ei;;ht  for 
the  entire  study  of   the   three   counties.     The  handling  of  cases 
in  which  the  crop  was  considered   to  have  been  abandoned  will  be 
discussed   in  detail  later,   and  the   cost  figures  are   presented   in 
Table   7   in  the  Appendix. 

In  the  remainder   of  the   cases  where   the  cost-difference   is 
positive,   the  yield -difference  must  also  be   positive,   if  there 
is    to  be   a  problem  regarding   selection   of  alternatives.      Other 
things  being  equal,   the  higher  the   price   or  the   greater   the 
yield-difference,    the  more   favorable   continuous  milo  will  be 


relative   to  mllo  after  i'allow  as   a  method   of  production.     The 
greater   the  cost-difference,   the    nore  favorable    nilo  after 
fallow  will  he   relative   to  continuous    nilo. 

The   Application 

The  model  which  has   been  developed   is  applied  to  the 
problem  in  each  of  the   three  counties.     With   the   three  variables, 
price   of  mllo,   cost-difference,  and  yield-difference,   all  c     - 
binations    of  actual  and  average   values   for   these   three  variables 
result  in  eight  possible  combinations.     Three   of   these   combina- 
tions were  selected  for  further  study  in  each  county,  and  a 
discussion  of  each  of  the  three   is   presented  for  each  count    . 
The  model  used   is  applicable  to  any  combination  of  the   three 
variables,   price   of  milo,   cost-difference,  and  yield-difference 
which  is  found   to  exist  at  any  particular   time   or  place. 
Finney  County,   l*J21-194u.     The   problem  in  Finney  County,  as   in 
the    other   two  counties,   was   confined   to  a  study  between  the 
continuous  milo  and  mllo  after  fallow  alternatives.     The  average 
yields,  as  determined  from  the  experimental  plots,  were   25.10 
bushels   per  acre  from  milo  grown  after  fallow  and  15.35  bushels 
per  acre   from  milo  grown  in  continuous  rotation.        There    is 
considerable  variation  in  the   yield  figures  which  these   averages 
represent.      The  yields   at  Garden  City   for  continuous  milo 
varied   from  0.0,  which  occurred  nine    tl-nes,   to  59.8  bushels    per 
acre    in  the   span   of  the    twenty -eight  years   studied.      The  milo 


"I 

A  discussion   of   the   plots    is    presented   in  the  Appendix. 
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after  fallow  yields   likewise  varied  from  0.0  occurrin  lit 

times,  to  66,4  bushels   per  acre.     These  variations  are  discussed 
in  farther  detail  at  a  later  point.     The  yield-differences,  by 
years,  are  presented   in  Table  3  in  the  Appendix. 

The  substitution  of  the  assumed   inputs   into  the  model  gives: 
2(sum  of  the   cost  of  one  waj ing  twice,  field  cultivating  once, 
drilling*   rotary  hoeing,   seed,   combining  and  hauling   continuous 
mllo)  minus    (sum  of  the   cost   of  one  wa  cwice,   field  culti- 

vating twice,  rod  weed  1. 1     twice,   chiseling  twice,  drilling, 
rotary  hoeing,  seed,   combining  and  hauling  mllo  after  fallow) 
equals   p,a(2Yc-Y£) .      The    costs  for   2CC  and  Cf  partially  cancel, 
and   the   cost-difference  depends   upon  the  remaining  costs   given 
in  the   simplified  equation,    (sum  of  the   cost   of   one  waying 
twice,  drilling  rotary  hoeing,   seed,   combining  and  hauling 
two  crops   of  continuous  milo)  minus   the    (sum  of  the  cost   of 
chiseling  twice,  rod  weeding  twice,   combining  and  hauling   one 
crop  of  railo  after  fallow)  equals   Pni(2Yc-Yf  ). 

Price   of   Mllo,  Actual;   Cost-difference,   Actual;  Yield- 
difference,  Actual.      Using  the   assumption  of  actual  values    of 
each  year  for  each  of   the  variables,   the   procedure  was   to  Insert 
the  values   of   the  variables    into  the  model  for  each  year.     This 
makes   it  possible  to  determine  which  of   the   two  systems  was    the 
most  profitable   in  each  year. 

Under  the  conditions  assumed,  mllo  after  fallow  would  have 
been  Mar*   profitable   in  19  of   the  28  years .     The   nine  years 
when  continuous  milo  would  have  been  more   profitable   occur   in 
the   early  and    late  years    of  the   period,   with  none   in   the  middle 


11 


of  the  tine  span.  Three  years  when  continuous  milo  would  have 
been  more  profitable  are  In  the  early  part  of  the  period,  and 
six  are  in  the  late  part.  These  years  were:  1923,  1924,  192.:, 
1940,  1941,  1943,  1944,  1945,  and  1947. 

However,  the  fact  that  mllo  after  fallow  would  have  been 
more  profitable  in  19  of  the  28  years,  under  the  conditions 
assumed,  does  not  give  a  complete  -  or  accurate  -  picture  of 
what  the  returns  to  land  and  management  were  for  the  23  years. 
In  the  nine  years  in  which  continuous  milo  would  have  been  -nore 
profitaole,  the  returns  to  continuous  milo  were  far  superior 
to  the  returns  to  milo  after  fallow.  Also,  8  of  the  19  years 
in  which  milo  after  fallow  would  have  been  a  better  alternative 
were  years  In  which  there  was  no  yield  from  either  continuous 
mllo  or  milo  after  fallow.   In  these  <    i  years,  milo  after 
fallow  was  better  only  in  that  the  production  costs  were  lower, 
resulting  in  a  smaller  loss  to  milo  after  fallow  cropping  in 
each  of  these  eight  years.   The  result  is  that  the  total  returns 
to  land  and  management  for  the  entire  period  were  appreciably 
ler  with  the  continuous  milo  system  of  croppi.  . 

The  average  annual  returns,  per  farm,  for  the  entire  period 
wer-     j. 74  for  continuous  alio  and  ^612.95  for  mllo  after 
fallow.  The  average  returns  per  acre  per  year  were  v8.66  for 
continuous  mllo  and  ^6.13  for  milo  after  fallow.  Returns  by 
year  and  method  are  presented  in  Table  10  in  the  Appendix. 
Data  on  prices  of  mllo,  yields,  and  costs  are  also  presented  in 
Tables  6,  8,  and  7,  respectively,  in  the  Appendix. 

i'rice  of  Milo,  actual;  Cost-difference,  Actual;  Yield- 
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difference,  Average    (5.60  bu.).     Under   these  assumptions   the 
model  becomes   2CC-Cf  =    5.60  p...      This   model  enables    the  deter- 
mination of  the  price   of  milo  which  would  be   needed   to  equate 
returns   to  land  and  management  when  the   cost-difference   is 
known.      Or,  for  any  given  price   of  milo,   the   cost-difference 
necessary  to  equate   returns   can  be   determined.      If  both  the 
cost-difference   and   price   are   known,   the   superior  system  of 
production  can  be  determined,      Using   the  assumption  of  average 
yield-difference    (5.60  bushels),   continuous   milo  would  be   the 
better  choice   In  any  year  when  the   value   of   the  yield-difference 
(5.60  x  price    of  milo)    is   greater   than   the   cost -difference    of 
that   year. 

Under   these   assumptions,    continuous   milo  would   have  been 
:;rior    In  every  year  except   one,   which  was   1932.     This   was  a 
year   in  which  the   price   of  milo  was   very  low.     The  average 
yield-difference,    5.60  bushels,  was   so  great   that   the   value   of 
the  yield-difference    is   greater   than  the  cost-difference, 
except  when  the   price    of   milo  is  extrenely   low. 

The  following   is  an  explanation  of   the   computation  of 
cost-differences  when  average  yield-differences  are   assumed. 
The  average  yields   of  both  continuous  milo  and  milo  after 
fallow  are   sufficiently   large    that,  assuming  avc  /ields, 

the   crop  would  always  be   harvested.      Since    the   average  yield- 
difference    is  derived  from  the   continuous  milo  and  milo  after 
fallow  yield  averages,   the   cost-difference    in  any  year  must  be 
based  upon  the   co3t-dIfference   of   the   two  systems,    lnc^^lng 
the  full   cost   of  harvesting  for  each.      Under  these   conditions, 
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the   coat-difference    is  always  a  positive  figure.     This  applies 
to  all  three  counties ,  .ey,   Thomas,  and  Ellis,   in  any  situa- 

tion where   the   average  yield-difference   is  used   in  the  analysis. 
The   total  costs,   including   the  full   cost   of  harvesting,   are 
shown  in  Table   7  in  the  Appendix  for  all  cases  in  which  the 
crop  was  assumed  not  to  be  harvested  and  an  adjusted  harvesting 
cost  was  used   in  determining  total  costs  for   the  year. 

Price   of  .Vilo,  Average    (v0.70);  Cost-difference,   Average 
(v1.44)j  Yield-dm  ,©,   Actual.      Under    these   assumptions, 

the   model     2CC-Cf  =  pm(2Yc-Yf )      simplifies  to  2YC-Yf =    2.16. 
This  means   that  under   conditions   in  which  the   yield-difference 
is   2.16  bushels   per   acre,    the  returns  from  either    of   the   two 
alternatives  would  be  equal,   given  these  cost-difference  and 
price  relationships.     In  any  year  in  which  the  yleld-dlfftrence 
is   greater  than  2.16  bushels,    continuous   milo  would  be   the 
better   choice.     There  were   10  years   of   the   28  when  the  yield- 
difference  was  greater   than  2.16  bushels.     These  years  were: 
U23,    1924,    1928,    1931,    1940,    1941,    1943,    1944,    1945,   and   1947. 
These  are   the  same  years   in  which  continuous  milo  was  superior, 
assuming  actual  values  for   the   variables,   except  for   1931. 

joary.     Under  the  assumptions   tested  above,  railo  after 
fallow  was  superior   in  a  greater  number  of  years   in  two  of  the 
three   tests  applied.      In  the    other   test  applied,    continuous 
milo  was   superior   in  every  year   throughout  the  period,   except 
one.     The   returns,   for   the   entire    period,   were   considerably 
greater  for   continuous  milo   than  for  milo  after  fallow  in  Finney 
County.     As   continuous   milo  was   superior   in  only   9  of   the   28 
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years,  assuming  actual  values  for   the  variables,   there   is  an 
indication  that  there   Is    less   variability  in  yields  from  milo 
after  fallow.      The  average   yield-difference    is   5.60  bushels   per 
acre   greater  for  continuous   milo.      The   higher  returns   to  land 
and  management  from  continuous     milo  indicate    that   continuous 
mllo  would  be   the   recommended   production  method   in  Finney 
County. 

Thomas   County,    1914-1950.     The  problem  is    in  selecting  between 
continuous  milo  and  milo  after  fallow  as  a  superior  method   of 
production  in  Thomas   County.      The   average  yields    obtained   from 
the  experimental  plots  studied  were   25.54  bushels  per  acre   from 
lo  after   fallow  and   11.54  bushels   per  acre   from   continuous 
lo.     Here  again,    there   is  a  wide  variation  in  the   yields 
obtained,  both  from  milo  after  fallow   and   continuous   milo.      The 
Colby  yields   for  milo  after  fallow  ranged   from  0.0,   which 
occurred  seven  times,   to  66.6  bushels    per  acre.      The   yields 
for  continuous  milo  also  ranged  from  0.0,  which  occurred  ei 
times,   to  45.0  bushels  per  acre. 

The   substitution  of  the   assumed    Inputs    into   the   model 
es:      2 (sum  of  the   cost   of   one  waying  once,  field   cultivating 
I,  rod  weeding  once,  drilling,  rotary  hoeing,   seed,   combin- 
lauling  continuous   milo)   minus   the    (sum  of   the   cost   of 
one  wayi  Let,  field  cultivating   twice,   rod  weeding  once, 

chiseling  twice,  spring   toothing  once,  drilling,   rotary  hoeing, 
seed,   combining  and  haul!  Lie  after  fallow)   equals   pa(2Yc-Yf). 

These  costs   partially  cancel,   and  the   cost   portion  of  the  equa- 
tion  is   simplified.      The   equation  becomes    (sum  of   the   cost   of 
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rod  weed'-       .  rilling,  rotary  hoeing,  seed,  combining  and 
hauling  two  crops  of  com  -as  the  (sum  of  the 

co.       Isellng  twice,  spring  toothing  once,  combining  and 
hauling  one  crop  of  milo  after  fallow)  eqaals  pu(2Yc-Yr) . 

Price  of  Llilo,  Actual;  Cost-difference,  Actual;  Yield- 
difference,  Actual.   The  conditions  for  c     L«OQ,  as  set  out 
here,  assume  the  use  of  actual  values  of  each  year  for  each  of 
the  three  variables.  The  procedure  used  was  to  insert  the 
values  of  the  variables  into  the  model  for  each  year,  1914- 

,0.   In  thll  manner,  it  is  possible  to  determine  which  system 
was  the  most  profitable  in  each  year. 

Under  these  conditions,  milo  after  fallow  would  have  been 
more  profitable  in  23  of  the  37  years.   The  nine  years  when 
continuous  milo  would  have  been  more  profitable  are  scattered 
fairly  evenly  throughout  the  period.  However,  there  is  only 
one  year  in  the  li^O-'s  when  continuous  milo  would  have  been 
more  profitable,  and  five  of  the  nine  occur  after  1937.  The 
years  when  continuous  milo  would  have  been  more  profitable  were: 
1915,  1919,  1928,  1931,  1938,  1939,  1941,  1944,  and  1945. 

The  average  annual  returns  to  land  and  management  under 
each  system  are  consistent  with  the  smaller  number  of  years 
when  continuous  milo  would  have  been  superior.   The  average 
annual  returns  per  acre  were  ^4.96  for  continuous  milo  c 

.64  for  milo  after  fallow. 

Price  of  Mllef  Actual;  Cost-difference,  Actual;  Yiel..- 
difference,  Average  (-2.45  bu,).   Using  these  assumptions  the 
model  takes  this  form:  2CC-Cj;=  -......-  p^  when  the  values  of  the 
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variables  are   Inserted*     The   cost-difference   la  positive   In 
every  case,  assuming  that  the  milo  was  harvested   In  every  case 
and   full  costs    of  harvesting  are   thus    Incurred.      The   price    of 
mllo  Is  never  negative.     Therefore,    the  value   of  the  average 
yield -difference    Is  negative  for  each  year   in  Thomas   Count;  . 
Continuous    nilo  would  he  superior   only   if  the  value   of  the 
average  yield-difference   should  he    larger  than  the   cost-differ- 
ence.    As   the   cost-difference  has  a   positive   value   in  each  year, 
and  the   value   of  the  yield-difference    is  negative  each  year,   the 
value   of  the  average  yield-difference   is   never  the   large*   value. 
Therefore,   under    these  assumptions,  mllo  after  fallow  would    be 
the   superior  alternative    in  every  year  in  Thomas   County. 

Price   of  ?*ilo,   Averare    (y0.78);   Cost-difference,  Average 
($1.10);  Yield-difference,   Actual.      Using    these   assumptions, 
the  equation  becomes   2YC-Yf  =  1.41  after   the  average   values 
for  the   two  variables   have  been  inserted   Into  the   model.     This 
means   that  the  returns   from  the   two  alternatives  would  be  equal 
when  the  yield-difference   is   1.41  bushels   per  -acre,  with  these 
cost-difference  and  price  relationships.     There   were  nine  years 
in  Thomas   County  in  which  the  yield-difference   was  more    than 
1.41  bushels   per  acre,   and  continuous  milo  would  be   the  better 
choice   in  those  years.      In  the  remaining  28  years  milo  after 
fallow  would   have   been   superior.      The   nine   years  when   continuous 
milo  would  have   been  more   profitable   are    the   same  years    in 
which  continuous  milo  was  found   to  have  been  more   profitable 
under  the  assumption  of  actual  valaes   for  each  of   the   three 
variables  • 
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iry«      Under  all   the   ac  3   tested,  rallo  after 

fallow  was   the  superior  d   of  produc'  llo  in  Thomas 

County.     Using  Actual  values  for  the   three  variables,    there  were 
9  of  37  years  when  continuous  mllo  would  have  been  more  profit- 
able.    A    "complementary"   situation  appears    to  exist  here.     Mllo 
after  fallow  results   in  a   higher  average  yield    (and  higher 
product  valae),   and   it   is  also  a   lower   cost  method   of  produc- 
tion.     The   results    indicate   that   --alio  aftsr   fallow  would  be 
the   roc  ex  amende  J   production  method    In  Thomas   County. 
all Is   County,   1314-1954.      The   pr  0  Is   the   same    In  Ell  I 

inty  a3   In  the    other   two  counties   studied   -  the  problem  of 
determining   whether   continuous  mllo   or  mllo  after  fallow  would 
have  made  better  returns  for  the   years    in  which  experimental 
data  were  available.     The   average  yields   from  the  experlmontal 
plots   were   16.73  bushels  per  acre   from  c  :Ilo  and 

31.75  bushels   per  acre    from  mllo  after   fallow.      In  Till  is   County, 
as   in  the   other  counties,  there  was  a  wide  range   in  the  yields 
obtained  under  both  systems   of  production.     The  yields   for 
continuous    alio    varied   fi  .0,   which  was    the   case   ten  years, 

to  as  high  as  69.7  bushels  per  acre.  The  yields  for  mllo  after 
fallow  varied  from  0.0,  occurring  six  times,  to  as  high  as  J9.1 
bushels  per  acre. 

tltutlon   of   the  ass    med   inputs    into   the   model  gives 
2(sum  of   the   cost    of    one   wayln  .,      "eld   cultivating   once, 

.r.ce,  drilling,  rotary  hoeing,   seed,   combining 
hauling  continuous  mllo)     ii    as   the    (sum  of  the  cost   of  one 
waying   twice,   field  cultivating   three   ti   1     ,  oothlng 


13 


twice,  chiseling  once,  drilling,  rotary  hoeing,   seed,   comblni 
and   hauling  mllo  after   fallow)   equals    g>a(ZZc-Yf ).      These   costs 
largely  cancel,   resulting   in  the   simplified  equation    (sum  of 
the  cost   of  drill!. ^   ,   rotary  hoeinj,   seed,   combining  and  haul- 
ing two  crops   of  continuous  mllo)  minus    the    (sum  of   the  cost 
of  chiseling  once,   field  cultivating  once,   combining  and  haul- 
ing the   one   crop  of  milo  after  fallow)   equals   Pm(2Yc-Yf). 

Price   of  Milo,   Actual;   Cost-difference,   Actual;  Yield- 
difference,  Actual.     As    in  the   other  two  counties,  actual 
values  were  assumed  for  each  of   the   three  variables.      These 
values  were   inserted   into  the  model  for  each  year,   thus  making 
it  possible   to  determine  which  of  the   two  methods   of  production 
was   the  most  profitaDle    in  each  year. 

Under   these  conditions,   continuous  mllo  would  have  been 
re   profitaDle   in  21   of  the   41  years.      Or,    to  state   the   propo- 
sition conversely,  milo  after  fallow  would  have  been  more   profit- 
able   in  20  of   the   41  years.      The   years   when  continuous   milo 
would  have   been  more   profitable   are  scattered   quite   evenly 
throughout  the   time   period,  except  that  only  two  of  them  occur- 
red   in  the   1930's.      These   years  were:      1914,    1915,    1918,    1919, 
1920,    1921,    1924,    1925,    1927,    1923,    1933,    1038,    1941,    U42, 
1944,    1948,    1949,    1950,    1901,    1953,   and    1954.      Here   again, 
several  of  the  years   in  which  milo  after  fallow  was  better  were 
years    in  which  neither   system  produced  any  yield,   and  milo 
after  fallow  was  better   only  in  the  sense  that  losses  for  each 
of  these  years  were   less. 

The   average  annual  returns   to  land  and  management  were 
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about  equal  for   the   two  systems,   continuous   :nllo  showing  very 
slightly  better  returns  for   the  entire    period.     The  average 
annual  returns   per  acre  were   £9.73  for   continuous  mllo  and 
v9.36  from  mllo  after  fa  Ho    . 

Price   of  Milo,  Actual;   Cost-difference,  Actaal;  Yield- 
difference,  Avera.  g    (1.81    m.)<      Using,   these   assumptions,    the 
average  yield  difference   is   inserted   into  the  model,  resultir. 
in  this   equation:      2CC-Ci   -  1*8 lp    .      The   cost-difference    is 
positive    in  every  year,  aac  that  the  milo  was  harvested   in 

every  year   under  both  of   the    two  systems   of   production.      Under 
this   set   of  assumptions,    continuous  mllo  was   superior   in  those 
years  when  the  average  yield-difference   times   the   price   of  mllo 
(value   of  the  average  yield-difference)  was  greater   than  the 
cost-difference   in  the   same  year.     There   were  21  years   of  the 
41  when  the  value   of  the  average  yield-difference  was  greater 
than  the   cost-difference,   and   three  years   when  the   two  quantities 
were  equal.     The  years  when  continuous  milo  was   superior  under 
these  assumptions   were:      1914,    1916,    1917,    1J18,    1919,    1922, 
1923,    1924,    1925,    1926,    1929,   1U34,    1935,    U'36,    1943,    1944,    1945, 
1946,   1947,   1952,   and  1954.      The   three   years    in  which  the   two 
methods   of  production  would  have  yielded  equal  returns  were   1J15, 
1930,   and   1939. 

Price    of  Mllo,   Avera;, e    (#0«M)j   Cost-difference,   Average 
($1.16) j  Yield-difference,   Actual.      Under  this  set  of  assumptions, 
the  model   is   2YC-Yf   =.1.35  after   Inserting  the  average  values 
of  the   two  variables    into  the    original  model.     The  returns   from 
the   two  alternative   systems    of   production  would   be   equal  in  any 
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year  In  which  the  yield -difference   Is   1.35  bushels  per  acre. 
Continuous  railo  would  be   the  superior  choice   in  those  years 
when  the  yield -difference  is  greater  than  1.35  bushels   per 
acre.     In  hills  County  there  were  21,   of   the   41  years  studied, 
when  continuous  milo  was   the  superior  choice   of  alternatives. 
These  years  are   the  same  21  years   in  which  continuous  alio  was 
superior  under  the  assumption  of  actual  values  for  each  of  tiie 
three  variables. 

Tmary.     Under  each  of  the  sets   of  assumptions   tested  in 
_llis  County,   continuous  milo  was   the  more  profitable  produc- 
tion method   in  21  of   the  41  years   studied.     These  figures  would 
tend   to  indicate   that   the   two  production  alternatives   could  be 
expected  to  be  about  equally  profitable   over  a  relatively  1c 
period  of  years  under  Ellis  County  conditions.     The  average 
yield-difference    (1.31  bu.)  would   tend   to  make   continuous   milo 
more  profitable,   out  the  effect   of  an  average  yield-difference 
favoring  continuous  milo  is   largely  counter-bala  ;ced  by  t 
fact  that  milo  after  fallow  is  a   lower  cost   nethod   of  product ion( 
The  results   obtained  do  not   Indicate  that  one  production  method 
could  be   recommended   over  the   otner  as  a  long-time  practice. 
Under  given  cost,   price,  and  yield  ,  lo 

after  fallow  or  continuous  milo  coald  be  more  profitable   in 
any  particular  yea:  . 

Variability  of  Yields  and   Income 

The  entire  analysis   so  far  has   been  concerned  with  the 
three  variables,  yields,   prices  received  for  milo,  and  costs 
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of  production,   and  how  they  affect  profits    (returns  to  lano. 
and  management) ,   using  the   two  alternative   systems    of  produc- 
tion.    A  farm  operator  who  has   the    problem  of  making  a   choice 
between  the   two  systems  would   probably  be  concerned   to  some 
degree  about  the  variability  of  yields  and   income  when  making 
a  decision  between  the   two  systems.      Two  alternatives    present- 
ing equal   total   income    opportunities    over  a   given  time   can  not 
be   considered  to  be   equally  desirable   if  the   income   opportun- 
ities from  one  are   of  conslderabl  ater  variability  than 
the   income    opportunities   of  the   other.     The   standard  devia- 
tion1 is  the  measure    of  variability  which  was   used. 
Finney  County.      The   standard  deviations   obtained    in  Finney 
County  were   35.109  bushels   for  yields   and   1784.91  dollars   for 
returns   to  land  and  management  under   the   continuous   mllo  sys- 
tem.    The   corresponding   figures   for  the  milo  after  fallow  sys- 
tem were   21.138  bushels   for  yields   and   1005.70  dollars   for 
returns  to  land  and  ma            tat*      This    is   an  indication   that 
much   less  variability  exists   from  year   to  year   in  both  yields 
and  returns   under  the  mllo  after  fallow  method   of  production. 
The  years,   or   periods,    of  extremely  high   (and   low)  yields  and 
returns   tend    to  be    "levelled   out"  with   the   use    of   the   milo  after 
fallow  method   of  production.      This    is  an   item  of   some    importance 
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to  any  farmer  who  Is   faced  with  the   problem  of  making  a  cilice 
between  the   two  production  alternatives.     The  differences   in 
variability  between  the   two  systems  would   carry  -auch  wel 
with  some  farm  operators,  and  with  others   this   would  be  a 
natter  of  less   importance   in  making  their  decisions.     The 
standard  deviations   for  the   three  counties  are   shown  in  Table   11 
in   the   Appendix. 

The    level   of   income   was   greater  for  continuous   milo  in 
Finney  County.     The  variability  of  both  yields  and  income   is 
less   under  the  milo  after  fallow  system.     However,    the   level 
of   income   from  continuous  milo   is   sufficiently  greater  than 
fr.  io  after  fallow  that  few,    if  any,  farmers   would  be 

willing  to  forego  the    larger   loo  osslbllities    of   contin- 

uous milo  in  order   to  enjoy  the  benefit  of  having  less  yield 
and   income   variability  by  grow'  llo  after  fallow.      It   is 

very   likely   that  continuous   milo  would   be   selected  by  most 
far      .     . 

Thomas  County.     In  Thomas  County  the   standard  deviation  figures 
for  yields  were  22.642  bushels  for  continuous  milo  and  16.651 
bushels  for  milo  after  fallow.     Similarly,   the  standard  devia- 
tions  obtained  for  returns   to  land  and   management  were   253.05 
dollars  for  continuous   milo  and   234.51  dollars   for  milo  after 
fallow. 

These  figures   indicate    that   both  yield  and  return    (income) 
variabilities   were   lower    in  Thomas   County  when  milo  was   grown 
after  fallow.     These  standard  deviations   can  be   interpreted 
as  meaning   that   there  was    less  variation  of  both  yields   and 
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returns   over  the   period    of  time    (37  years)   studied  if  railo 
after  fallow  were   the  alternative   chosen.      It  was   pointed   out 
above   that  the  returns    to  land  and  management  from  aiilo  after 
fallow  were   higher   in  Thomas   County  than  from  continuous  milo. 
A  farmer   very   probably  would   select  milo  after  fallow  as  a 
superior  method. 

iJllls   County.      The  yield   standard  deviations   were   35.315  bushels 
for   continuous   milo  and   24.966  bushels   for  milo  after  fallow. 
The  standard  deviations  for  returns    to  land  and  management  were 
292.43  dollars   for    continuous  milo  and   200.05  dollars  for  milo 
after  fallow.     These  figures   Indicate,  as  was  the  case   in  the 
other   two  counties,   that  less  variability   of  both  yields  and 
income   is  experienced   in  the   case    of  milo  after  fallow  as   com- 
pared to  continuous    alio. 

The   returns    to   land  and  management    (iicoie)   were   found    to 
be  almost  equal  under  either   of  the   two  systems    of  production 
in  Lllis   County,    the   returns   from  continuous   milo  being  very 
•lightly  higher  for   the   entire  period.      It   is  doubtful  that 
the   returns   from  continuous   milo  are   sufficiently  higher   to 
offset,  for  most  Individuals,    the   greater   variability   of  yields 
and  returns  experienced  i'rom  raising  continuous  milo.     Milo 
after  fallow  would  be    the  more  probable   choice  for  most  farmers. 
However,   some  farmers,   attaching   little    Importance    to  the   great- 
er variability  of   continuous  milo,   could  be  expected  to  make 
the   continuous  milo  choice    in  the   expectation  of   realizing  hi.     - 
er  returns    over  a   period   of  years. 
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Cumulative  Returns 

A  study  of  cumulative  returns  was  made  because   of   the 
large  variations   in  returns  experienced   through  the  years  which 
were  studied   in  each  county.     In  addition,   conditions   of  low 
or  high  returns  show  a  tendency  to  exist  over  a  period   of  sev- 
eral successive  years.     This   is   particularly  true   of  very  low 
positive   and   of  neatlve   returns.     The  returns   to  land  and 
management  were  cumulated  from  each  method  for  each  ol  the 
three   counties   studied.     The   cumulated  returns  from  each  method 
are  shown  for  Finney,   Thomas,   and  Ellis   Counties    in  Table   12  in 
the  Appendix. 

Finney  County,    1^21-1948.      The    cumulated  returns  were   greater 
for  continuous  milo  than  for  milo  after  fallow  throughout  the 
period   of  time  studied,    1981*1948,  except  for  the   initial   two 
years.      The    cumulated   returns  were   greater  for  milo  after  fal- 
low in  1921  and   1922,  Table   12    (in  Lhe  Appendix).     However, 
there  was  a  period  of  eleven  successive  years,   1989*1989,   when 
the  net  addition   (or  subtraction)   to  cumulative  returns  was 
more  favorable  from  milo  after  fallow  each  year  than  from  con- 
tinuous milo.     The  net  addition  to  cumulative  returns  for   the 
years    1J2J-1939  was   $-1808 *8Q  from  continuous    alio  and   v-293.45 
from  milo  after  fallow.     The   continuous   milo  rotation  was   supe- 
rior during  the  entire   period,  but   In  this    particular   series   of 
years   it  resulted  in  heavier   losses   than  would  have  been  incur- 
red  through  the   use   of   the  milo  after  fallow  rotation.     A  farm 
operator  would  have  needed  extensive  savin,  s   at  the  beginning 
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of  this  critical  period,  or  other  sources  of  lnco?ne  during  this 
time,  in  order  to  remain  in  business,   uowever,  the  chances  of 
survival  were  much  more  favorable  under  the  milo  after  fallow 
system.   In  this  case,  a  period  of  years  has  been  selected  in 
which  a  method  -  milo  after  fallow  -  would  permit  more  farmers 
to  remain  solvent  through  the  critical  period  than  could  remain 
in  business  using  the  continuous  milo  method,  even  though  con- 
tinuous milo  is,  on  the  average,  more  profitable  in  Finney 
County.   The  high  returns  fro  a  continuous  alio  in  the  years 
following  this  critical  period  were  of  little  value  to  those 
farmers  forced  into  dissolution  before  the  better  years  came. 
Thomas  County,  1914-1950.   The  cumulative  returns  from  con- 
tinuous milo  were  greater  than  from  milo  after  fallow  in  most 
of  the  early  years  of  the  period.  The  cumulative  returns  from 
milo  after  fallow  were  ■ lightly  greater  by  1922,  and  from  that 
time  through  the  remainder  of  the  period  the  cumulative  returns 
from  milo  after  fallow  are  greater  in  each  year. 

For  the  17  year  period,  1924- i.  .j,  the  net  addition  to 
returns  was  ^-147.36  from  continuous  milo  and  #691.50  from  milo 
after  fallow.   The  failure  oi  the  continuous  milo  system  to 
show  a  net  addition  to  returns  for  this  period  is  serious. 
There  were  only  five  years  during  this  adverse  period  when  con- 
tinuous milo  resulted  in  any  net  addition  to  returns.   It  is 
unlikely  that  many  farm  operators,  large  or  small,  raising 
milo  by  the  continuous  milo  method  could  remain  in  business 
through  an  adverse  period  of  such  great  length.  The  milo  after 
fallow  system,  on  the  other  hand,  would  have  resulted  in  a 
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modest  net  addition  to  cumulative   returns  for  the   17  year 
period.     These  returns,   small  as   they  were,   would  have  brought 
the  farm  operator   through  this  adverse   period  with  less  reliance 
upon  savings  and   outside  income   than  if  he  were   producing  mllo 
under   the   continuous   mllo  systc.  . 

rillls  County,   1914-19S4.     The   cumulative  returns  were  alter- 
nately greater  for  continuous  mllo  and  mllo  after  fallow  at 
different  tines  throughout   the   period.     The  cumulative   returns 
to  milo  after  fallow  became  slightly  greater   in  ls>50  and  re- 
mained  greater  through  1943.      The   cumulative   returns   were 
greater   for   continuous  milo  in   1944  and    1945,   and   greater  for 
milo  after   fallow   in  each   of   the    three   following  years.      By 
1949  the   cumulative  returns  became  slightly  greater  for  con- 
tinuous milo,  and  remained  so  through  the   last  years   of  the 
period. 

Although  continuous   mllo  was   slightly   superior   in  returns 
over   the  entire  period,  milo  after  fallow  was  slightly  superior 
in  returns  for    the   years    1914-1943,   Table    12   in  the  Appendix. 
This   gives    little   basis   for  recommendia,     MM   system  of  pro- 
duction  over  the   other  from  the   standpoint   of  returns    In  gills 
County. 

Through  an  adverse   period   of  years,  milo  after  fallow 
results    in   nore   favorable   returns    In  ^llis   County,  as    was    the 
case    in  Finney  and  Thomas   Counties.     For   the  period   1929-1940, 
the    net  addition  to   cumulative   returns   was   ^-161.00  from  con- 
tinuous milo  and    ,239. 44  from  mllo  after   fallow.      It  woald 
appear   that  there   are    Instances   when  it  would   De   profitable    to 


27 


summer  fallow  a   portion  of  the  acreage  devoted  to  rallo  pro- 
duction, even  though   it  may  not  be  a  profitable  practice   under 
more  favorable  conditions. 

SUMMARY 

This  study  represents  the  use  of  economic  tools  to  in- 
dicate to  milo  producers  at  various  locations  the  comparative 
results  to  be  expected  from  producing  continuous  milo  versus 
milo  after  fallow. 

The  Influence  of  yields,  milo  prices,  and  production  costs 
on  income  were  studied.  Variability  of  yields  and  of  income 
from  the  two  systems  were  compared. 

Finney,  Thomas,  and  Ellis  Counties  were  studied  in  detail 
because  yield  data  from  controlled  experimental  plots  were 
availaole.  Milo  after  fallow  and  continuous  milo  were  compared 
for  each  county. 

Continuous  milo  was  found  to  be  superior  in  Pinney  County, 
in  terms  of  returns  to  land  and  management  for  the  years 
studied.  kIIIo  after  fallow  was  the  superior  system  in  Thomas 
County.  In  Ellis  County  the  returns  to  land  and  management 
were  only  very  slightly  greater  from  continuous  milo  than  from 
milo  after  fallow.   The  difference  in  returns  is  so  small  that 
one  system  can  not  be  recommended  over  the  other  as  a  lo  - 
time  practice  on  this  basis. 

Comparisons  of  yield  and  income  variability  within  each 
of  the  three  counties  showed  that,  in  all  cases,  variability 
was  greater  for  continuous  milo  than  for  milo  after  fallow. 
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It  is  believed  that  farmers  would  attach  some  value  to  the  re- 
duced variability  experienced  with  production  after  fallow. 
The  amount  of  value  placed  on  the  reduced  variability  associated 
with  cropping  after  fallow  would  varj  widely  among  farmers.  In 
general,  it  is  believed  that  the  choice  between  the  two  systems 
of  production  is  determined  largely  by  the  difference  in  re- 
turns to  land  and  management,  and  that  the  difference  in  vari- 
ability of  the  two  systems  has  only  a  rather  slight  effect  on 
the  choice  which  is  made.  In   iillis  County,  the  difference  in 
returns  to  land  and  management  in  favor  of  continuous  milo  is 
so  small  that  a  farmer  .might  be  expected  to  choose  the  milo 
after  fallow  system  because  of  the  lower  yield  and  Income 
variability  associated  with  Its  use. 

A  study  of  cumulative  returns  was  used  to  Indicate  a 
comparison  of  the  two  production  systems,  especially  during  a 
period  of  adverse  production  conditions.  It  was  found  that 
milo  after  fallow  was  superior  during  distress  periods,  both 
in  locations  where  milo  after  fallow  Is  superior  under  average 
conditions  and  in  locations  where  continuous  milo  Is  superior 
under  average  conditions. 

This  study  was  limited  to  statics.  Superior  systems  over 
1 L  ie  we  re  de  te  rm  lned  • 

The  fallow  problem  was  found  to  be  of  practical  importance 
in  the  counties  studied.  Producers  of  all  farm  crops  under  non- 
Irrigated  conditions  in  approximately  the  Western  half  of  Kansas 
are  faced  with  the  decision  of  how  much  land  to  fallow  and 
whether  to  plant  at  a  ^:iven  time  on  continuously  cropped  land. 
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In  sorae   counties  and  under  certain  conditions  the  difference 
in  returns  between  ttie   optimum  production  method  and  the 
alternative   was   quite   lar^e. 
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A  Note  on  Calculation  of  Costa 

The  costs  for  individual  years  were  determined  by  adjust- 
ing 1947  costs  by  appropriate  indexes.  Machinery  and  power 
costs  were  adjusted  by  the  index  of  United  States  farm  machinery 
coats,  labor  costs  by  the  index  of  United  States  farm  wage  ratea , 
and  fuel  coats  by  the  index  of  United  States  notor  supplies. 

The  costs  are  for  a  crop  harvested  in  a  particular  year. 
In  the  case  of  a  continuous  milo  crop,  the  coats  are  all  in- 
curred in  the  calendar  year  in  which  the  crop  is  harvested.  In 
the  case  of  a  milo  after  fallow  crop,  the  fallowing  cost3  for 
a  given  crop  are  the  costs  of  the  previous  year.  The  remainder 
of  the  land  preparation  coats,  and  all  seeding  and  harvestl 
costs  are  the  costs  of  the  calendar  year  in  which  the  crop  is 
grown  and  harvested. 

The  ratea  for  machinery,  power,  labor,  and  fuel  were  for 
the  time  actually  in  the  field;  to  provide  for  preparing  the 
machine,  traveling  to  and  from  the  field,  and  breakdowns,  the 
rates  for  the  four  types  of  coats  were  increaaed  by  10,  10, 
20,  and  10  per  cent,  respectively. 

For  those  years  in  which  the  value  of  a  crop  was  not 
sufficient  to  cover  the  costs  of  harvesting,  coats  were  adjust- 
ed and  income  was  calculated  in  which  the  assumption  waa  made 
that  such  crops  were  not  harvested.  The  harvesting  costs, 
(machinery,  power,  labor,  and  fuel)  were  reduced  by  60, 
30,  and  100  per  cent,  respectively. 

Typical  inputs  were  used  for  each  analysis.  These  are 
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operations  believed   typically  performed  by  farmers   In  the  areas 
under  study,  and  consistent  with  recomnended  soil  management 
practices.     It  is  recognized  that  many  farmers  do  not  use  exact- 
ly the  combination  of  field   operations  chosen.     However,   the 
operations  chosen  present  a  general  picture  and  are  as  accurate 
as  any  other  combinations  known.     The  research,   of  course, 
assumes   these   operations,   or   others   that  entail  similar  costs. 
Those  farmers  using  operations  with  costs  greatly  different 
from  these  will  need   to  modify   the  results   to  fit  their  con- 
ditions  of  operation. 


A  Discussion  Concernin g  the  Differences    in  Results 
Obtained  from  the  Yield  Data  of  the   Three  Stations 


The  results   of  this  research  were   not  entirely   consistent 
between  the  three  counties  studied.     Two  areas   of  study  can  be 
pointed   out   In  which  the  results  were  fully  consistent  between 
the  three  counties.     Each  of  the  three  counties  shows  a  lower 
variability  of  both  yields  and  returns  from  milo  after  fallow 
than  from  continuous  milo.     The  results  also  indicate   that  milo 
after  fallow  was  a  superior  method  of  production  during  a 
period  of  adverse  conditions,   In  all  three   counties.     However, 
on  the  basis   of  returns   to  land  and  management,   the  results   of 
this   research  woiald   Indicate  a  different  recommendation  between 
the   two  alternatives  for  each  of   the   three   counties.      In  Finney 
County,   continuous  milo  appears  to  be  the  superior  system;   la 
Thomas  County,  milo  after  fallow,  and   In  Ellis  County  either 
of  the  two  systems  could  be  expected   to  yield  approximately 


equal  returns   In  the   1<  SB  situation.     The   question  then 

may  arise,  Why  isn't  the  same  system  of  production  superior 
in  each  of  the  three  counties? 

A  variety  of  reasons  might  be   given  as  to  why  milo  is 
more  responsive  to  fallowing  in  one   location  than  in  another. 
The  finding  of  a  complete  set   of  answers   to  this   question  would 
constitute  a  rather   sizeable   study  in  itself.     Some   of  the 
factors  which  may  have  made  fallowing  appear  to  be  more  bene- 
ficial in  Thomas  County  than   in  Ellis  and  Finney  Counties  will 
be  discussed  here.     No  attempt  will  be  made  here   to  establish 
the  relative   importance   of  any  of  the  factors  which  may  have 
made  fallowing  appear  to  be  more  beneficial  in  Thonas   County. 

A  large  portion  of   the  difference   in  response  to  fallow- 
ing between  Thomas  and  Ellis  Counties  can  probably  be  attri- 
buted  to  climatical  differences  which  are  associated  with  the 
difference  in  location.     Thomas  County  is   in  the  second  tier 
of  counties  from  the  west  side   of   the  State.     Ellis  County  is 
in  the  fifth  tier   of   counties,  which  places   it  in  an  area  of 
higher  average  annual  rainfall.     Less  response  to  fallowing  is 
to  be  expected  under  higher  average  rainfall  conditions,   other 
things  being  equal.     The   average  annual  rainfall   is   17.81  inches 
in  Thomas  County  and  22.69  inches   in  Ellis  County.1     The  average 
annual  evaporation  rate    is  also  higher  at  Hays   than  at  Colby, 
which  would  tend  to  make  the   practice   of  fallowing  less  effec- 
tive at  Hays.     The   average  seasonal  evaporation  of  water  from 
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a  free  water  surface,   April   to  September   Inclusive,   is  49*0 
inches  at  Hays  and   43.2   inches  at   Colby.1 

The  wide  difference   in  response  to  fallowing  which  was 
experienced  between  Thomas   and  Finney  Counties   is  more  diffi- 
cult to  explain.      In  Thomas  County  the  average  yield-difference 
was  found  to  be  2.45  bushels  per  acre    in  favor   of  milo  after 
fallow.      The  average  yield-difference    in  Finney  County  was   5.60 
bushels  per  acre   in  favor   of  continuous  milo.      Thus,  a   positive 
response  to  fallow  Is  indicated   In  Thomas   County,  and  a  nega- 
tive response  to  fallow,   on  the  average,    is   Indicated   in  Finney 
County* 

Colby  and   Garden  City  are   located  approximately  due  north 
and  south  of  each  other,  and  the  average  annual  rainfall  at 
each  place   Is  about  the   same.     The  average  annual  rainfall  is 
17.31  inches   in  Thomas   County  and   18.54  inches  in  Finney  County.2 
The  difference  In  response  to  fallow  can  not  be  attributed  to 
the  difference   in  average  annual  rainfall. 

Three  factors   remain  which  could  account  for   the  differ- 
ence  in  response   to  fallowing  which  was  experienced  between  the 
two  locations.     The   soil  texture  may  be  coarser    (more   sandy)   at 
Garden  City  than  at  Colby.     A  soil  which  is  made   up   largely  of 
fine  particles  has  a  higher  moisture  retention  capacity  than 
has  a  lighter,  sandier   type   of  soil. 

The   loss    of  water   in  surface  run-off  may  be  higher  at 
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Garden  City  than  at  Colby.     If  this   is   the  case,    the  heavier 
rate   of  run-off  could  be  due   to  either   or  both  of  two  causes. 
The   topography  may  be  more   sloping  at  Garden  City  than  at  Colby. 
A  larger  percentage   of  the  avera0e   annual  rainfall  received  at 
Garden  City  aay   occur   In  the  form  of  torrential  rains,  which 
would  result  in  a  heavier  rate    of  run-off. 

It  is  known  that  the  rate   of  evaporation  is  appreciably 
her  at  Garden  City  than  at  Colby.     The  average  seasonal 
evaporation  of  water  from  a  free  water  surface,  April  to  Se   - 
tember   inclusive,    is   56.4  inches  at   Garden  City  and  43.2  inches 
at  Colby.1 

A  Note   on  the  Experimental  Plots  from  Which 
Yield  Data  Were   Obtained 

All  yield  data  used   in  the  analysis  were   obtained   from 
controlled  experiments   conducted  at  Branch  Experiment  Stations 
in  the   three  counties   in  which  the  analysis  was  applied.     For 
the  continuous  milo  yield  data  at   Garden  City,    the  results   ob- 
tained from  Plot  A  of  the   HC  milo  rotation  were  used.     This 
)lot  was  plowed  early  in  April,   then  kept  free   of  weeds  until 
it  was   seeded  In  the  early   part  of  June.     The  milo  after  fallow 
yield  data  at  Garden  City  were   taken  from  Plots  L  and  H  of  the 
MF  milo  rotation.      Plot    L  was   fallowed    in  even-numbered  years, 
and  Plot  M  was  fall  -numbered  years.     These   plots 

were  plowed  about  May  1  of   the  fallow  season  and  kept  clean  the 
renainder   of  the  season,  and  through  the  following  spring  until 
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they  were  seeded  early  in  Jane. 

At  Colby,   the  yield  figures  for   continuous   milo  were  taken 
from  Plot  A,   and  for  :nilo  after  fallow  from  Plots   C  and  D  of 
the  10  milo  rotation.     Plot  A  was  spr I  lowed  about  May  15 

to  20,   then  kept  free   of  weeds  as  the  seedbed  was  being  develop- 
ed to  seed  the   crop.     Plot  C  wa3  fallowed  in  odd-numbered  years, 
and  Plot  D  was  fallowed   in  even-numbered  years.     The   plot   to 
be  fallowed  was   plowed  about  May  15  to  20,   then  clean  culti- 
vated through  the  remainder  of  the  fallow  season  and  the  follow- 
ing spri      . 

The  yield  data  at  Hays  for   continuous  siilo  were   obtained 
from  Plot  A,  and  for  milo  after  fallow  from  Plots  C  and  D  of 
the  CC  milo  rotation.     The  first  field   operation  on  Plot  A, 
following  harvest  in  the   fall,  was   to  plow  in  the  spring.     Suf- 
ficient additional  tillage  was  applied   to  prepare  the  seedbed 
for  planting  and  to  control  weeds.     Plot  C  was  fallowed  in  odd- 
numbered  years,  and  Plot  D  was  fallowed   in  even-numbered  years. 
The   plot  to  be  fallowed   in  a  given  year  was   plowed  about  May  15 
to  June   1,    then  kept  clean  through  the   growing  season.     Weed 
growth  was  also  closely  controlled  through  the  following  sea- 
son until  plant  I.  e. 

The  yields  were   obtained  at  each  station  from  those   plots 
using  sequences   of  field  operations  which  can  be   recommended 
for  general  use   in  these  areas.      In  selecting  the   plots  from 
which  to  use  yield  data,   some   attention  was    also  given  to 
selecting  those  plots   on  which  the  field  operations  were  most 
similar  to  the  field   operations  typically  used   in  the   areas. 
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Those  plots  were  selected  for  comparison  at  each  of  the  three 
stations   on  which  the  field  operations  for  both  continuous 
milo  and  railo  after  fallow  were  most  nearly  similar  In  their 
basic  structure.     All  plots   from  which  yield  data  were  used  in 
this  research  were  •pring  plowed   In  the  spr  allowing  har- 

vest of  a  crop.     This  applies  to  both  the  continuous  railo  and 
milo  after  fallow  plots.     The  fallow  plots  were   not  replowed 
in  the  spring  following  the  season  in  which  they  were  fallowed. 
Fall  plowing  is   not  recommerjded  in  the   three  counties   studied, 
as   this  practice   leaves   the  soil  very  vulnerable  to  erosion, 
both  by  wind  and  water    through  the  winter  and  early  spri..    . 
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mllo  after  milo,  milo  after  milo  doubled,  milo  after 
milo  doubled  less  :allo  after  fallow,  Finney,  Thomas, 
and  Ellis  Counties,  Kansas. 
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1  IS  I 


This  study  represents  the  use  of  economic  tools  to 
Indicate  to  mllo  producers  at  various  locations  the  compara- 
tive results  to  be  expected  from  producing  continuous  mllo 
versus  mllo  after  fallow. 

It  was  assumed  that  farmers  in  this  area  were  making  a 
choice  between  growing  milo  after  milo  continuously,  or  -row- 
ing milo  in  alternate  years  interspaced  with  fallow.  A  second 
assumption  was  that  milo  was  grown  for  grain  only.  The  prob- 
lem of  erosion  was  assumed  to  be  equal  for  both  milo  after 
fallow  and  continuous  milo.  Land  was  considered  a  fixed  cost 
and  labor,  seed,  and  machinery  costs  were  considered  variable 
costs.   It  was  assumed  that  continuous  milo  and  milo  after 
fallow  have  the  same  effect  on  soil  fertility.  The  technol* 
assumed  was  that  which  was  determined  to  be  most  nearly  typical 
of  the  technologies  employed  in  each  of  the  three  counties  in 
1054.   Indexes  were  used  to  adjust  1947  costs  to  give  costs  for 
other  years. 

This  study  was  limited  to  statics.  Superior  systems  over 
time  were  determined. 

The  influence  of  yields,  mllo  prices,  and  production  costs 
on  income  were  studied.  The  relationship  of  these  three  vari- 
ables may  be  stated  symbolically, 

2CC  -  Cf  •  pm(2Yc  -  Yf). 
Cost-difference  refers  to  the  cost  of  two  years  of  continuous 
milo  (2C_  )  minus  the  cost  of  one  year  of  milo  plus  the  cost  of 
fallowing  (Cf).  The  price  of  mllo  is  represented  by  pm.  Yield 


difference  refers    to  the  difference   in  total  yield  per  acre 
between  two  years   of  continuous  mllo    (2YC)  and  one  year   of  milo 
after  fallow   (Yf). 

Finney,   Thomas,   and  Ellis  Counties  were   studied   in  detail 
because  yield  data  from  controlled  experimental  plots  were 
available.     Milo  after  fallow  and  continuous  mllo  were  compared 
for  each  county. 

Continuous  milo  was  found  to  be  superior  in  Finney  County, 
in  terms  of  returns  to  land  and  management  for  the  years  studied. 
Milo  after  fallow  was  the  superior  system  in  Thomas  County.  In 
Ellis  County,  the  returns  to  land  and  management  were  only  very 
■lightly  greater  from  continuous  milo  than  from  mllo  after  fal- 
low. The  difference  in  returns  is  so  small  in  iillis  County 
that  one  system  cannot  be  recommended  over  the  other  as  a  long- 
time practice   on  this  basis. 

Variability  of  yields  and  of  income  from  the   two  systems 
were  compared.     Comparisons  of  yield  and   income  variability 
within  each  of  the  three  counties  showed  that,    in  all  cases, 
variability  was   greater  for  continuous  mllo  than  for  milo  after 
fallow.      In  general,   it   is  believed   that  the  choice  between  the 
two  systems   of  production   is  determined  largely  by  the  difference 
in  returns  to  land  and  management,  and  that  the  difference   in 
variability  of   the  two  systems  has   only  a  rather  ■ light  effect 
on  the   choice  which  Is  made •      la  Ellis   County,    the  difference 
in  returns  to  land  and  management  in  favor   of  continuous  milo 
is  so  small  that  a   farmer  mi^ht  choose  the  milo  after  fallow 
system  because   of  the   lower  yield  and   income  variability 


associated  with  Its   use. 

A  study  of  cumulative  returns  was   used   to  indicate  a  com- 
parison of  the   two  production  systems,   especially  during  a 
period  of  adverse   production  conditions.      It  wua  found  that 
milo  after  fallow  was  superior  during  distress  periods,  both 
in  locations  where  milo  after  fallow  was    superior  under  average 
conditions  and   in  locations  where  continuous  milo  was   superior 
under  average  conditions. 

The  fallow  problem  was  found   to  be   of  practical  importance 
In  the   counties  studied.     Producers   of  all  farm  crops  under  non- 
Irrigated  conditions   in  approximately  the  western  half   of  Kansas 
are  faced  with  the  decision  of  how  much  land   to  fallow.      In  some 
counties  and  under  certain  conditions   the   difference   in  returns 
between  the   optimum  production  method  and  the  alternative  was 
quite   large. 
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